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J ABSTRACT 

Mechanical hardware has been developed that remotely places 
integrated circuits, transistors, and other fixed components 
into an electron beam in a manner which allows measurements of-- 
radiation effects. The associated circuitry used for these 
measurements is presented, as well as the methods employed in 
reducing RF noise. A technique which uses a set of cross hairs 
to give time and spatial beam profiles which aid linear accelerator 
tuning and beam manipulation is described. Initial transient 
radiation effects experiments have been conducted and photo currents 
observed. Schematics, pictures, and construction details of the 
apparatus are presented. 
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I. INTRODUCTION 



The primary aims of this thesis are to describe the design 
and construction of the apparatus needed to measure transient 
radiation effects in microelectronics and to report the results 
of preliminary investigations of electron beam dosimetry. Initial 
results of radiation effects experiments which serve to test the 
new equipment are also reported. 

Initial radiation damage research conducted last year by 
J. H. Brady^ and early findings of this project indicated the 
need for electromagnetic noise reduction, automation in circuit 
positioning, and improved techniques in the control and measurement 
of the electron beam. 

The project was an outgrowth of the availability of the NPS 

2 

electron linear accelerator . The accelerator, which became 
fully operational in the latter part of 1966, is diagramed in 
Fig. 1. It consists of three ten-foot sections each powered by 
a klystron that delivers up to 22 megawatts of peak power. For 
this project, it was operated generally at an energy of about 80 
million electron volts (MeV) with a pulse repetition frequency of 
60 pulses per second and a pulse duration of either one-half or 
one microsecond. The average current was three microamperes, 
which produced a dose rate in silicon of approximately 10^ rads. 

A primary hinderence to Brady was the excess of electromagnetic 
noise. An investigation subsequent to his work showed the noise 
to be so severe as to render inconclusive any indication of the 
photo currents he reported. It now is believed that these reported 
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Figure 1. Diagram of Linear Accelerator 
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photo currents were noise picked up in connecting cables. There- 
fore, the first concern of this project was the elimination of 
noi se . 

Before measuring transient radiation effects it was necessary 
to develop the capability to position and reposition various inte- 
grated circuits in the same portion of the electron beam. Thus, 
of secondary concern was the fabrication of remotely controlled 
positioning equipment which would precisely locate devices and 
which would transmit any signals or effects that might originate 
in the irradiated circuits. Associated equipment to monitor these 
signals, various power supplies, signal generators, and controlling 
panels had to be constructed or procured and organized in a manner 
such that experiments might be conducted efficiently and economically. 

A third objective was to develop beam handling techniques 
which would increase the radiation dose rate and to measure accurately 
this rate at the position of the circuit. 

Finally, it was desired to conduct certain transient radiation 
effects experiments on integrated circuits, qualitatively observing 
photo currents or other effects that might appear, under a range 
of input and biasing parameters. The circuits chosen were Fairchild 
Integrated Circuits DTuL-962 and DTuL-969, which are identical 
except for the latter being dielectrically isolated and containing 
thin film resistors. 

Fairchild fabricated some conventional DTuL-969 circuits in 
which the final interconnection wiring mask was eliminated. Eight 
of the circuit's transistors and two fixed resistors were brought 
out to the terminals of the dual in line package. Normal packaging 
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was then completed. This configuration allows observation of 
the radiation effects on one isolated transistor or resistor 
that normally is a component of a complete logic circuit. 

At present the first two objectives have been met. RF 
noise has been reduced to a tolerable level. All positioning 
hardware has been built and other experimental apparatus 
assembled and tested. To aid in certain measurements the Linac 
has been modified to include single pulsing. 

Improved beam control has increased the dose rate from 

8 10 

10 to 10 rads per second during the past year. Satisfactory 
dosimetry, however, has not been achieved. Under conditions of 
optimum Linac tuning the dose rate can be calculated from the 
integrated current of a calibrated secondary emission monitor, 
provided the beam size and electron distribution are known. 

These are not usually known with great accuracy. 

Photo currents in transistors have now been observed. It 
is anticipated that future investigations will result in quanti- 
tative measurements of these photo currents and in development 
of a model on the basis of the data obtained. In order to 
measure the same phenomena in integrated circuits, additional 
work should be directed toward narrowing the pulse width of the 
beam without lessening the dose rate. 
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II. ELIMINATION OF NOISE 



The final solution of the electromagnetic noise problem was 
surprisingly simple, although not anticipated. It consisted 
primarily of heavily shielding all components between the target 
and the monitoring equipment. The resultant noise level was 
reduced to less than 1 millivolt, a decrease of approximately 
43 db from that reported by Brady. 

The noise ranged in frequency from 1 to 100 megacycles and 
its magnitude was excessive with respect to the anticipated photo 
current. It occurred a few microseconds prior to and subsequent 
to the pulse arrival but was absent otherwise. The steps taken 
to solve the noise problem are presented below. 

An attempt was made to eliminate the manner in which the 
noise was injected into the monitoring system. Nine runs of 
RG-58A triaxial cable were strung from the Linac control station 
to the target station in a cable tray separate from the main Linac 
cable tray containing the Linac trigger pulse and RF lines. The 
new cable tray came no closer than ten feet to the Linac tray. 
Special constant impedance UG-88C 50 ohm BNC connectors were 
connected to the new cables. These connectors were chosen to 
minimize an impedance mismatch that could result from connections 
in the target and control stations. A small aluminum box grounded 
to a water pipe enclosed an integrated circuit used for the 
operational noise evaluation. To ground the system further and 
remove any chance of a floating system, holes were drilled in the 
concrete floor of the building at both the Linac control station 
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and at the radiation damage monitoring station. Three-quarter 
inch copper rods were sunk five feet into wet earth. The Linac 
control station was grounded to one rod; the radiation damage 
monitoring equipment to the other. With these measures the noise 
remained excessive. Standard methods of shielding and grounding 
failed to reduce the level. Various schemes which did not prove 
to be effective included commonly grounding the target shield 
and the outer triaxial shield with the Linac system ground. 

By observing the change in noise level when turning the 
machine on and off it was determined that the electron beam, the 
grid circuits, and the power supplies to the electron gun contri- 
buted very little to the noise. The primary source appeared to 
be the 1,500 volt power supply for the triggering system. This 
suggested the need for additional shielding. 

It was noted in a trial and error process that the noise 
could be eliminated by completely enclosing a section of triaxial 
cable in conduit pipe. As little as two inches of this cable 
outside of the conduit pipe in the monitoring area was a sufficient 
antenna to pick up nearly 100 per cent of the original noise. After 
these findings, all triaxial cables were placed in conduit pipe. 

All exposed cables coming from the pipe at the target station and 
control station were enclosed in a thick copper braid. The braid 
was connected to the conduit pipe and the BNC connectors, thus 
making common the pipe, braid, aluminum box and the two shields of 
the triaxial cables. This scheme reduced the noise to the level 
reported. 
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III. REMOTE POSITIONING EQUIPMENT 



The Fairchild integrated circuits used in these experiments 
present a target small compared to the beam size. To obtain 
reliable measurements it was necessary, therefore, to develop 
the capability to place the integrated circuits in that portion 
of the beam in which the electron flux is greatest. This required 
the design of a remotely controlled device which could consistently 
position circuits with an accuracy of about one millimeter. Although 
it is possible to steer the electron beam by means of steering coils 
and quadrupole magnets, it was found that this sometimes diffused 
the beam and gave a nonsymmetric beam profile which both lowered 
the radiation dose rate and radically changed the rate from point 
to point within the profile. To position the device manually with 
the beam off presented the problem of not knowing the exact beam 
location. Furthermore, the trial and error positioning method of 
frequently turning the beam off in order to adjust the position of 
the device is a waste of Linac running time. Thus, it was necessary 
to construct positioning equipment that met the following criteria: 

1. The capability to move the device in the X-Y plane (i.e., 
the plane perpendicular to the incident electron beam) 
slowly and accurately, and to provide remote indication 
of position. 

2. The ability to move successively several devices into 
the beam at the same position without having to enter 
the target station. 

3. The provision of sufficient shielding to prevent the 
introduction of unwanted electromagnetic noise. 
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4. The capability to measure the beam intensity immediately 
behind the device so that dosimetric information would 
be constantly available on a pulse to pulse basis as 
required for single pulse transient measurements. 

5. The ability to verify that the equipment is completely 
aligned (i.e., ensuring that the electron beam, integrated 
circuit and the measurer of radiation dose lie on the same 
line) . 

A. WHEEL 

To satisfy these criteria (except the first) a mechanical 

positioning apparatus was constructed which hereafter will be 

referred to as the wheel. A similar device used in radiation 

effects experiments was first observed at General Atomics, a 

division of General Dynamics Corporation. More recently the Army 

3 

Electronics Command described a wheel which is in many ways similar 
to the device used in this research. As shown in Fig. 1 of Appendix 
A, a circular disc onto which are mounted the various integrated 
circuit sockets, associated circuitry, and hardware is used. Such 
a design allows each integrated circuit to be placed in the proper 
position. To connect a series of input-output, bias, and monitoring 
cables to the integrated circuit without interrupting operation of 
the wheel, two C. P. Clare RP 10945G3 relays were chosen. These 
employ gold contacts to minimize contact resistance, are hermetically 
sealed and can accommodate eleven IC configurations. RG 174 50 ohm 
mini-coaxial cable is used for all connections between the sockets 
and the relays and between the relays and the wheel input-output 
terminals to match impedances as well as possible and to keep the 
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noise level at a minimum. Thus, by cycling the relay, the circuit 
of choice can be connected to a single set of cables that run to 
the monitoring area. Two sections of the relay are used to operate 
a two digit decimal nixie tube display which indicates the circuit 
which is connected to the monitoring equipment. The energizing 
coils of the relays are connected in parallel through a push 
button to a 24 volt power supply. Figure 2 is a diagram of the 
wiring . 




Figure 2. Block Diagram of Electrical Connections in Wheel 



The wheel disc has three types of sockets which allow 
flexibility in circuit testing. 

a. Three sockets for flat-paks (AUGAT 8075) 

b. Two sockets for T05 or T018 cans (AUGAT 8058) 

c. Six sockets for 14 pin dual in line circuits (AUGAT 8135) 

The disc is wired to accommodate a normal 962/969 logic circuit. 

The ground used in this circuit is a floating connection to a 
series of BNC output connectors on the assembly casing. When 

using a logic configuration the ground isolated terminal is shorted 

with a BNC shorting connector to the casing and thus to the common 
ground for the entire monitoring system. When using isolated 
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components of a circuit or transistors the ground isolated terminal 
is used as a conventional terminal point. 

A method was needed to indicate when a given circuit was 
precisely rotated into position. The manner in which the circuit 
is placed horizontally or vertically into the center of the beam 
will be discussed subsequently. For correct centering, a photo 
diode assembly was incorporated into the wheel design as shown 
in Fig. 2 of Appendix A. The photo diode is fixed on a stationery 
portion of the structure that lies on the centerline of the wheel 
assembly. Also mounted on the centerline separated by the outer 
portion of the wheel disc is a 24 volt light bulb used as the photo 
power source. At the same distance from wheel center along each 
radial line that passes through a circuit, a .015 inch hole is 
drilled through the disc. Thus, when the circuit is correctly 
positioned, light from the bulb travels through the hole into the 
photo diode. The light causes the photo diode to conduct and the 
current is registered on a control panel meter in the monitoring 
area. The wheel disc can be rotated for maximum meter deflection. 

Horizontal and vertical cross hairs are fixed into position 
on the centerline of the wheel structure. As the disc turns, the 
cross hairs clear between the circuit and the disc as is shown 
in Fig. 3 of Appendix A. When the circuit is in position the 
center of the cross hairs lies directly behind the circuit. The 
main purposes of the cross hairs are for beam profiles, alignment 
of the wheel, and dosimetry. 
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Before an experiment each integrated circuit is aligned by 
positioning the disc for maximum photo diode current and setting 
each socket by means of set screws so that the integrated circuit 
is centered in front of the cross hairs. 

To prevent the wheel assembly from having antenna character- 
istics and picking up the unwanted electromagnetic noise discussed 
previously, the entire system is enclosed in three-eighths inch 
aluminum plate. Monitoring, power, and nixie cables are introduced 
at the lower portion of one side. One and one-half inch diameter 
holes are cut out of the front and back of the assembly for the 
electron beam. Only a slight increase of noise was noticed between 
terminated shielded cable and the attachment of this cable to the 
enclosed wheel. The increase can be attributed to extraneous RF 
pick up, non-collimated electrons producing gamma rays when striking 
the outer shielding, or the ionized air produced by the passing beam. 

To prevent noise which originally was introduced into the 
enclosure by the unshielded power and Nixie cables, a 0.1 microfarad 
mica capacitor is placed between each Nixie lead and ground and a 
1.0 microfarad capacitor is placed between the negative Nixie common 
and ground. The 24 volt power cable is bypassed to ground by a 0.1 
microfarad capacitor. 

B * X-Y TABLE 

The entire wheel assembly rests on a table which is remotely 
movable in the X-Y plane. Three major factors had to be met in 
its design. First, the table had to be slow moving so that it 
could be precisely positioned. Second, it had to have a range of 
movement which would carry circuits in and out of the beam in the 
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X-Y directions. Finally, the table had to be designed to lift 
80 pounds without pitching or yawing. A pilot design using a 
threaded drive to converge the cross members between two scissors 
did not meet the last criterion and indicated the need for a 
hydraulic lifting mechanism. 

The present design shown in Fig. 4 of Appendix A uses a 30 
volt dc motor to drive a hydraulic counter-rotating gear pump 
for vertical movement. Oil is drawn from a reservoir through the 
pump to the bottom of the piston at a rate that lifts or lowers 
the table approximately four inches per minute. Figure 3 shows 
a schematic of the 




Figure 3. Hydraulic Flow Diagram of X-Y Table 



hydraulic flow. A solenoid controlled check valve prevents gradual 
dropping of the table due to oil seepage through the gear pump. Limit 
switches allow vertical travel of 2% inches. The table top consists 
of two parallel plates held together by rods that allow lateral 
movement. A motor driven threaded rod moves the upper plate relative 
to the fastened lower plate at a rate of one inch per minute. Four 
inches of horizontal travel are allowed. 



20 



The horizontal and vertical positions are measured by two 
Bourns Model 108 linear potentiometers. These are indicated by 
arrows in Fig. 4 of Appendix A. The devices, which are accurate 
to within .08 per cent, create a potential difference proportional 
to the table position. This is monitored at the control panels by 
a pair of meters calibrated to measure displacement in millimeters. 
An electrical block diagram of the X-Y table is shown in Fig. 4. 




Figure 4. Electrical Block Diagram of X-Y Table 
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IV. CONTROL STATION APPARATUS 



The control panels used for radiation effects experiments 
are located in a section of the Linac control station separate 
from the Linac controls themselves . Figure 5 of Appendix A 
shows the arrangement of the various control modules . From here 
the wheel assembly is placed correctly, the desired circuit is 
rotated into position, input signals and potentials are applied, 
outputs of the circuit are displayed, and beam characteristics 
are monitored. A detailed description of the components and the 
manner in which they are used follows. The order of description 
follows the numbering used in Fig. 6 of Appendix A. 

1. HP 721 Hewlett-Packard Power Supply. 

This provides either a positive or negative bias 
between 0 and 30 volts. It is used to bias transistors, 
integrated circuits , or isolated components of a circuit 
such as the Fairchild 969. 

2. HP 721 Hewlett-Packard Power Supply. 

This supply is similar in function to that above except 
for a modification to provide only positive bias through a 
BNC panel jack connector. This modification was made in an 
effort to minimize all possible noise sources. It is used 
to bias the Fairchild 962 and 969 logic circuits as well 
as other components. 

3. Table Position Indicator. 

This panel indicates the horizontal and vertical 
position of the X-Y table. Two linear potentiometer trans- 
ducers sense the horizontal and vertical position. The 
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